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I. INTRODUCTION 


CT 


A. THPOR TANCE OF DETERMLNING OCEAN THERMAL STRUCTURE 

Meeiecaeanc “ONyslical property and product: cf£ vazricus 
dynamical precesses occurring in the cceans is the thermal 
structure. Altktough it is derived from only a few meéecha- 
nisms such as air-sea thermal energy exchange, Ones d “end 
free convective mixing and horizontal ocean thermal advec- 
mmo, che interaction of these processes along with cthér 
meaaecadynamic motions can beccme immensely complica«ed. 
meepce =h2 temperature prefile has important implications for 
climatic weather predicticn, commercial fisheries and mili- 
miray acOusS<tic surveillance, <0 mextion a few, the ability 
mempicdict this structure is of major importance. 


Climatological atlases present an averaged profiis for a 


i 


S=-"2ain period and locaticn. How2ver, this restilts ira 


iD 


generalized tkrerwal structure which is nozt accurate enough 
#0 accomvlish the precise needs cf underwater sound propage- 
*icn forecasting. Recent developments in numerical modeling 
or the upper-ccéan temperatures have produced vast impreve- 
MeEntS in the analysis and predicticn of mixed layers and 
Memes SyNncCeCtic oceanic features (Clancy et al., 1981). ae 


memanevitartls that this method will seach the sopkisticaticn 


15 





memieday'= metecrclogical fcrecasting, bu with the ccmplex- 


ity cf the physical processes involved and with present data 
Sparsity ir many ccéan areas, many inaccuracies szvill exist. 
The bkathythermograph (BT) provides an accurats 


temperature profile at a peint location in the upper ocean. 


Ww 


Sance the vertical thermal structure over a larg? area pro- 


vides =the main factor which affects the propagation charac- 


J 
(b 


7) 
(v 


teristics cf underwater acoustics, e nezd for many 
temperature profiles in Navy ASW operations is obvious. The 
expense invcelved in ship and aircraft deploymen*+ of BT's for 
mumeoceen atéa of interest cften prohibits the use of this 


most accurate means of obtaining a detailed «thermal 


> 


mersctipticn. 


B. woe Le DETERMI NATIGN OF SUBSURFACS THERMAL STRUCTURE 
The study cf the oceans by satellic=2s nas become a gajer 
meena LOt Scientific scrutiny and investigation. Alzeady it 
has given added insight into the numerous precesses thar 
@evern Oceanic brehavior. The Gul Stream eddies and frents, 
the coestal upwelling off the Somali and Arabian coasts, and 


Meret epplications in biological, geophysical and dynamical 


fields are becceming well knewn. However, in spits of great 
progress, sateliite remote sensing techniques for observing 
ccsé@nic process2s are far frem being fully realized. 
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The fundamental protlen WhaGhemiconcenucusly aris¢s, 
besides atmospheric effects which will not be discussed, is 
that satallite ckservaticns are mada at the surface alcne 
and that all cecnclusions about subsurface processes are 


obtained from inference rather than by direct measurement. 


7) 
i) 
O 
rH 
O 
Q 
o 
f 
Han 
O 
WQ 
ri 
ey 
( 


Conseguently, the applications cf satellite 


i 
ct 
om 


phy are limited to those phenomena tnat generate surface 
Slgnatures detectable by electromagnetic waves. Onc2 these 
surface manifestations are cbserved, it ls necessary to have 
Knewledge cf the physical processes involved to interpret 
thelr meaning. Currently there are f2w meétnods availarle 
where a qualitative "feel" for subsurface features can be 


directly expressid as empiztical relationships from remotely 


UW) 


sensed measurements at the sea suriace. t2ea  itrkage is 


Serge so Exist between the ais-sea interface and «he =herral 


77] 


structure ktelicw, a satellite would chan be the parfect plat- 
Beem tO collect sea surface data rapidly over all the 
worid's oceans. This surface information could ther be used 


0 infer the subsurface vertical temperaturs structure. 


Cs Puro ok ANE GOALS OF TEESIS 
iie-wPiatiary ELUETpOse fcr “he cngoiag research into the 


meedec ion Of subsurface thermal structures is te understard 
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the processes and relaticnships that govern th> oc¢an's 


— 


behavior. Reles that are performed by ships and aireratzt 
(via expendaktle bathythezrmogra phs) in determining the 


temperature prcefiles could be played better by satellites, 
provided a "link" is found tc read the below-surtace events 
from the sea surface signatures. eKepeepe Cigces 6 MaGkaio tale mareross — 
relations and relationships could be ascartained between 
satellite-déerived sea surface temperatures and vertical 
temperature profiles, then the areas of acoustical oceancg- 
raphy and naval tactical applications would benefit greatly. 

The goal of this thesis is to determine th2 possible 


meereciat 7 ons that Exist between «+h2 subsurface +herral 


Seeucrure and the temperature at the surfacs. Then, from 
these relaticnships and use Cie Eeg= sssicn formulas, 


predicted vertical temperature profiles could be compuce 


from an intuz cf sea surface ~emperature alone. 
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A. WENDeSYSTERS AND CURRENTS 
The Nertheas* Pacific has been studied extensively for 
Many years and it has revealed a complex arrangement of 
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envirenmental conditicns. Severe storms, high winds, 
water masses, Numerous currents and unique temperature and 


ro 


D 


ZS 


Ha | 


fewamey Structures are a nermal occurrence for th 
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In the winter the Nerth Pacific is usually under the 
influence cf thé Aleutian Low in the atmosphere while for 
the summer mentks a high pressure systen dominates (Uda, 
1963). The distribution of the mean surface winds are cern- 
trolled by these two systems. At the locaticn cf the new 
retired Ocean Weather Staticn "P" (OWS-P, positioned at 50N, 
145W in the Gulf of Alaska) she prevailing winds are fron 
the southwesz (Tabata, 1965). Emote te Int luencs of “hess 
wind patzte¢ezns, the surface wacters flow eastward across the 
Pmeeac OCear in the vicinity of Station "Pp", This flow 
Memmets-s CL she West Wind Drift and Subarctic Current which 
mem G:verqe t¢c form the scuthward flowing Califcrnia Cur- 
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Meme e220 the northward flcewing Alaskan Current (Tab 
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1978). Boge! shows the locaticr of Ocean Weather Staticr 


Wet and the major surface currents of the North Pacific. 
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mol Pace mnc Ocear Suriacse 
Gyererts “(Freon Tully, 1960) 
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B. WHlER wR SSES AND FRONTS 

The Nertheast Pacific can be divided into three major 
Begicns based upon their water characteristics. Near the 
Demet micy cf CwS=-P and ncerthward is the Subarctic Pacific 
Water Mass in which the upper 100-150 m lay2r is composed of 
cold and lew-salinity water. EG {Newsoucnewaen and highiy 
Saline water ¢xists in the upper lay2rs of the Subtropic 
Water Mass. In between and along tne coast lies a regicrn in 


which characteristics frem both watez= nass2eS are combined. 
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This is known as the Transition Zone where th 
M@medgatlton of cceanogzaphie wproperties from one regicn to 


another, with the boundaries separating these wacter masses 


Q 


having complicated thermchaline structures (Roden, 1970). 


ct 


[Meemeicca-ich crt the Subarctic Front bstween the twe water 
masses remains fairly cerstant, from 4ON to 45ON, and is 
meegely devrendéent On the orevazling winds (Roden, 1975). 
iPeesUeRRCTEG WATER MASS CHARACTERISTICS 
mec Tden Leacure cc the vertical etrucsure cf 
Meeanic PICpertiss is the existerce of an uppé> zone, 3 


halcecline anda lower zone (Uda, 1963). The temperature, 


Salinicty ard density profiles of these three zones for sun- 
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and winter are depicted in Pig. 2. 
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mrceuppesezZowe,, WOiGCh extends £rem the surface tec a 
depth of akcut 100 m, generally has a iow salinity level of 
l¢ss than 33 g/kg wich the lowest values being cleses* tc 
the ccastal recicns in the late spring (Uda, 1963). nies 
Winter, the waeter in this zone is *horoughly mixed with all 
physical properties becoming homcgensous. During the sun- 
mac, due tec lighter surface winds, 2 shallow ischalins and 
isothermal layer exists from 10 to 30 m below the séa sur- 
face. Below this mixed layer is a strong negative thermo- 
cline with téaperature decreasing as muck as 8C in 20 m3 in 
the same zone a small halccline ex«ends above another near- 
ischaline layer to the kcttom c£ the upper zone (Tabata, 
iO.) . 


Belcow the upper zone lies the main haiocline which 


2S permanent, as the salinity increases by as much @s 1 g/kg 
meom t00 te 200 m (Tabata, 1960). The tempsrature generally 
MeerecaseS with depth in this regior, mu= a= times a 


memmppesacure inversion occurs toa déeoth of abour 150 xo. 
This positive tempertature gradient is in a stable Layer 
(dansity increases with depth) S2inGceecuess LoOCa.sa wichin 


the main halocline (Uda, 1963). 
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In the lower zone, relow <=he 


ties of the water change gradually 


increases slightly by about 


temperature decreases to avalue of 


depth of 1000 3 (Tabata, 1965). 


[ae Vart.eti ons of salinizy 


the upper zone and halocline and are 
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The annual salinity variations in th 


terized by a decrease in the upper 3 


or early fall with a raxirum in late 


These seasonal fiuctuations result 
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precipitation imbalances 
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Surface layers in time (Takata, 1965) 


At the surfaces, several featu 


Beene =y pattern. Basically, eh 


dW) 


isohalines eprears to be east-west + 
Major changes cccwrring alcng the coa 


wepeiN2=y maximum of about 33 g/kg 
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the Guif cf Alaska, South “of Kediakx 


G2creases southward <=o 
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fese=n2~y of S0N and then incteases 


pee tecpi.cal Water Mass (Uda, 1963). 
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The "three-zgene" Structure of *he water column is 
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@meracteristic of thé deep ocean regi 
Domain. However, it does not always 2xist in near-coastal 
waters aS current systems, coastal winds and ‘fresh water 
runoff frem land can modify the profiles. As shown in Figs. 
3 and 4, this coastal regime primarily alters the upper 
Zone . Aleng the western United States this domain ¢xists 
ee tc abcut 150W. The lcwer zone also becomes affected by 
Beye proOximicy to land Oueeioumecalwrornia’ Undercurrent 


(Dedimead et al., 1962). 
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Pesce cCULN OG  thewelidrecr.c Frségion is the Sub- 
tropic Water Mass which is basically warmer and nore saline 
memean the Subarctic Water. In the upper layer the high val- 


ues cf salinity (greater than 34 g/kg) due to higher evapo- 
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of the values throughout the y2ar. Sea Surface temperatures 


th 


remain fairiy censtant with an isothermal upper zone averag- 
ing about 20 m in thickness below the sea surfaces, due te 
Semen prevailing winds. Eelow this zone exists 32 negative 


permanent thermocline reaching dcwn to a depth of 500-600 n. 
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Foemperature inversicn as there was in the watar mass to th: 
mort (Tabara, ih6D)jmee The deep water structure is basically 
Peanveus and Similar from the Subarctic to Sub«=rorfic 
Begicns (Uda, 19€3). 

2. DRANSITICN ZONE 


The Transition Zcne, WeGaced Ln) she Centecael “and 


€astern North Facific between 45N and 35N, separates Subarc- 


meee Water frcem Subtropic Water. It consists of the mixed 
meee = OLlaginating in the warm, saline Kurcshio and the cceld, 
low salinity Cyashio currents as they nove ¢astward in the 


West Wind Erift (Uda, 1963). 

Mine Wades Ot M2his zopelerelt, wWhaich 1s eboutme2etc 4 
degrees cf latitude, and the strength of its boundaries, are 
primarily determined by tre wind stress at the sea surface. 
The mertherr tkoundary is characterized by many témperature 
mye rsions and by the gradual disappearance of the Subarctic 
haloclin:. Atsshe southesn bounGary she vertical structure 
becomes basically isohaline with a strong négative thermo- 
@bPine in the urper layer (Rcden, 1970). 
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upper ocean, as its characteristics fade below 4 


Meter 
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: Re sthe surface this region has a distinctive 
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meridional (N-S) temperature gradient of apprcximately 1.0C 
per 100km as it stretches eastward across the Pacific Ocsan. 
The horizental surface salinity pattern exhibits similar 
structure alecng a latitude pand throughout the year with 
values increasing as much as 0.8 g/kg meridiconally (Uda, 
1963). 

The upper layers are often characterized by 
temperature inversions which can occur because of the exis- 
tence of the associated halocline. These inversicns 
decrease in magnitude and slowly increase in depth teward 
lower latitudé¢s. 

mie Vert i CalemGd2stributloimmes preopeStics azvanterme- 
diate depths shows that the salinity becomes effectively 
isohaline, with a slight rinimum developing below 300 n az 
meme cOuthern Ecundary (Uda, 1963). 


ieee NoLTY STRUCTURE AND THE SUBARCTIC FRON 
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foe waters, Salineey GQoverns the density structure. The 
seascnal variability illustrates some of =ne features shat 
Beeit in the vertical profiles. In winter, basically iso- 


Pyeemal Conditicns are fcund throughouz the upper zone as 
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temperature and salinity are well mixed. In Summer, 2 min 


Bycnecclineé corrésponding to the shallow thermocline is 


observed. Hcwever, a large and permanent pycnoclins cccurs 
along with the méin halocline. Pret iewlewon Zome, che den 


Sity increases gradually with depth (Uda, 1963). 


(te 


Mimsuceaoplc Water, ene density 1s conzrollisd by th 
temperature. Here the warm surface layer of about 10 to 
Seem 2S isopycnal frem the mixing of th=2 prevailing winds. 
A permanent cvycnecline exists a* lower depths due to che 
memermcciirne if the recion (Uda, 1962). 

The Transition Région has a complex density struc- 
mee aS numeztcus minor density fronts occur at depth due to 


the temperature and salinity inversions. 


i 
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Tew subarcoic Fron: if the eastern North Pacific 


@ narrow, méandéring band located in che Llatiztud? range of 
om tec 45N. Pins SEewtenes) 2 UMS OQUe StEUuccuse on. tis lack 
@eeea d2a1Ssity front in the upper 100 o. Line estsond er. 26n- 


sal temperature and salinity gradients are in almost con- 
plete balance. botOnemculTsmuppe> Payer 2 densicy front of 
Megerate intensity slopes slightly to thé south (Roeder, 


1975). 
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The mixed layer depth can strongly change across the 
Bitarctic Front. Tc the north, the mixed layer extends to 
eae top cf the halocline at about 100 ao. EG ene SOUth, 
sherée is ne halcecline and, during the stormy, wint#r season, 
the nixed layer depth can extend to almost 300 a. In the 
Summer months the s2asonal thermocline controls the depth of 
the mixed layer and there is little difference across thea 


pimoatc=ic Front (Roden, 1$75). 
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The interacticn between the sea and atmosphere is 
dominant process determining temperature structure in ‘the 


upper layers. Below, temperature is 
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Peery woth the structure being detezmined by internal pro- 
cesses, such ase advection and mixing. 


Two heating cycles occur in the ocean: diurnal and sea- 


sore l. In the daily cycle the surface lay2r is heated dur- 
megetie davligkht hours anc cooled during the night. In «he 


Mmeogner latitudes during the heating season, i.e€., the middle 


Sex MO1ths of the year, a daily het neat gain occurs (Uda, 


63). Ede. “hilWstta ces tho enmual cycle or heating and 
eeeling end its réelaeticn t “he “<hermal structure 2 
feweet, ea: ~he end of the cocling season, the waters are 
Menaniy iscthermail to the top of the halocline located az 
seou. 100 min depth. Wath eleubeganmanGc Of ~ the heating 
Seesch in Acril, the heat is accumulated as small 


ct 


temperature inversions are gradually mixed dcwnward by lich 
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winds. During subsequent short periods of high winds thes:a 
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+ransients are quickly ereded and a shallow isothermal sur- 
face layer results 

Eclow the surface layer, a sharp negative thermocline is 
formed between 30 and 60 min a téemperaturs transition layer 
adjacent to the deeper ccld waters. From the 3nd cf the 
heating season until the waters are again nearly isothermal 
in March, the thermocline deepens =o about 100 ao. 

In thie cc2?an region, below «he thermocline there is 
usually a cecléer layer nearly 120 n in depth which is sta- 
Imee,)|6SAUNCE: «1t:«OCcuTs Within the main hnalocline. Below the 
cocler layér there may be an increase in t2mperature with 
depth, an inversion. Temperature inversions can be classi- 
Beeed into three types according to their method of formation 


Pic Se ay pe, whlch alas the smostecommon 23 


M 


and behavicr. Th 
the €astern Nerth Pacizic, is a resuit of the seasonal cycle 
Beene esing and cooling. The upper layers in an extremely 
Gold winter can become colder than th2 waters in the hals- 


Giane beélcw and a positive temperatur2? gradisnt is formed. 


With the advent of the rollowing heating szason the 
temperature cf the surface Waters increase causing a 


(negative) «thermocline tc form above the positive chernral 


gradient. The temperature minimum thus génerailiy is lcecated 
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mse above tte kalocline at 120 m and changes verv iittl 
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during the course of the summer heating pericd. Die 1g 2h 
follewing winter season tke upper thermocline decays and the 
temperature inversion may be erased (Uda, 1963). 


Another precess which can causé@ temperature inversions 
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is the fermaticn of sea-ice in th 
memeining cold (-1C), high salinity surracs laysr sinks t¢ a 
Pepe go: Stability in the ¢xisting haiocline and is carried 
Eastward in the West Wind Drift where it completely mixes 
with other waters before reaching 140W. Vependaag, <on tune 
mmount Of reating of the surifece layers during th= transit, 
she temperature inversion may or may not persist throughcut 
she year (Foden, 1964). 

*hird proecéss results in a subsurface temperatures max- 
imum when th¢ warm, more saline Subtropical Water intrudes 
under che colder Suparctic Waters. The advacting water then 
is slightly cccled and sinks; 24 remains warner than the 
Surccurdings, however, and forms the temoerature maximun at 
depth. Its wurper boundary is generally limited by the sta- 
Mebety Critericn of the main halocline (Uda, 1953). 

As the cccling peziod begins in lat2 Séptemper, the sur- 


face waters are cooled and mixed downward by convection as 
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well as by the strong winds of the fall and winter months. 
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The seasonal tkeérmociine sinks and narrows until it 
the haloclins. By late winter the upper zon3 has reached 
‘its minimus temperature of the year. 

At depths telow 500 m temperature variations are small, 
sctldcm exceeding standard deviations of 0.04C (Tabata, 


meo0). Fig. 6 shows the typical temverature structure at 


cf 
oe 
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weean Station "FP" ror both summer and winter noni 


Be men ne WAVE EFFECTS CN THERMAL STRUCTURE 

In many vertical temperatura structure analyses, he 
Memitns Of the isctherms fluctuate considerably. periodicity 
and amplitude cf the fluctuations appeér non-systematic, bur 
Besuit frem the superposition of a2 large number of intsrnal 
wave trains. ep ell lecenemseQUemelocwanange tCrom the 
pemmte-Vaisala <c inertial; in the Subarctic Region, pericis 


meom 5 M2nuz=es 0 at least half a day héve ob¢ern cbhserved. 


Mme VELrtical displacement cf isctherms is of the crder of 


ip 


metat che tor cf the thermocline and perhaps as 1largé as 


Peem at <he level of the principal haloclin3 (Tully and 


Giovando, 1963). 
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Cc. HenZONTAL SURFACE THERMAL STRUCTURE 

Near the center of the Gulf of Alaska is located an aré2a 
of temperature rininum that coincides with the dynamic cen- 
ter cf the Alaskan Gyre. In summer it toughly overlies the 
center of the gyre as determined by the salinity maxinun, 
but in winter the two are separated (Uda, 1963). 

Boucnec=om the cold core dome =o approximsetely 35N <he 
thermal field is oriented zonally except near «he coastal 


regicn 


ta 


; MircmecouLig@redtrOn COmmasttes Yysat EOund with a 
Merescnat range cf 7.0C throughout the Transition Region 
Miiga, 1963). The ROELZOntal thermal gradient in the north- 
south directicn is strongest in the Transition Zone where 


gredients cf 1€/7100km are common, as Shewn in Fig. 7. 
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fee CEJECTIVE 


For ocean monitoring from space *o pecome eifective, the 


Mme ricr mecticrs of the cceans must be inferred from the 
resulting signature of surface properiles. Dace apLeeey =O 


d 


iD 


fine the subsurface structure accurately by this metncd is 
Becoming increasingly utilized and understood. 


Legeckis ard Gordon (1982) d¢scribed the ability of sat- 


ellite infrared imagery tc locate sea surface temperature 
meOon<~s, and the ralation cf «hese surface features to sub- 


eatrace + Po7 eth eo, 8S az. Cileeene and 
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“wo warm cere eddies, <zhey noted the mixed layer depth cor- 


related with the surface temperaturs patterns. 
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Fernstein, Ereaker and Whritner (1977) 2xamined 
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Meee 2OnS in che California Current from combined ship, air 
and satellite platforms and fcund that the sea surface 
t2mperature pattems confcrmed to subsurface warm and cclid 


mesoscale variations. tewee ore rmded.Szhat 22 -.unstabie 


rt, 


Megmens Such as the Califcrnia Current, surtace and main 
mmeemecline terperature distributions have relationships +o 


d<se 


ea@en Cther. Thus, in such a region, remotely sens 
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surface temperature patterns would be able to interpret sub- 
mmetace circulaticn. 

From these recent exagrples of satellite-determined sub- 
surface structure and frem other oceanographic literature, 
memeacpears tkat the regicns of the world's oceans where 
Mmepge instabilities occur (2.¢&., boundary currents, coastal 
upwelling zcnés, etc.), the subsurface dynamic features are 
readily deduced from the surface observations. Areas of the 
seas which are quiescéint and usually located in the central 


oceans have net been as easy to describe accurately. In 
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these regions, *he use cf either dynan: 
m2theds cculd re the only means of feréecasting the *hermal 
Structure cf the cceans. 

Numerical mecels are kased cn dynamicaéi principies and 
Moe 6Udtsmactely provide the basis for predicting oceanic 
processes. Empirical methods have been détearmined in thea 
SeeeeecOr Certain regicns and for limited tine periods, but 
GO nct appear tc be valid universally. Pe eelavseonshics 
could be devised fer certain wat2r masses or oceanic 


regimes, «hen *he possibilit 
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Pees tOqge ner th= 
SUbSUurface thermal features in the different regions by uti- 
Zing remote sensing ZO define certain surtace 


measurements. 
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so determine what particular relationships exist btw sa 
Surface temperature and subsurface thermal structure for a 


mematively "quiet" region in the northeast Pacitic Ocean. 


By examining tke climatolcgy, an empirical sét of equations 


(D 


could then te derived between sea surface tempsraturs, mixed 


(b 


layer depth, thermocline gradient and the depths of premi- 
Ment points within the structure. 

The secend otjective is *o produce a predicted vertical 
femperature prcefile from the best fit Te2gression equaticns 
Meeea Particular water region and SST at a future time and 
Meeecerent locaticn. When these profiles are compared to 


eepeugal temperature-derth profiles, accuracy cf this statis- 


tical methcd will be determined. 


B. Bala ACQUGSITION 
eeng =e Eeriod 5 zc 14 September 1977, the U.S. Naval 
oceancgraphic survey vessel USNS SILAS BENT conducted oczan- 


2graphic surveys to datexmine the thermohaline and sound 


» 


Memeect-y Structures across thea Califiornia Current, tn 
Meee lOr Zcré and Subtrcpicel Wat2:. For this thesis, the 
Seeeye data Utilized were along a 1155 km meridional track 


Semmes Cr OCSan Weather Station "B", as displayed in Fig. 8. 
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The data ccnsisted of 28 vertical temperature profil: 
spaced approximately 42 km apart; they spanned the period 9 
moni! September 1977. 

Weather conditions during this period were governed by a 


weak staticnary low pressure system with nostly lew cleud 


4 


Mever and pericds of light drizzle and showers. Trey wind 
speed varied frem 5 to 20 knots from several dir¢ecticns 


causing wave héights of approximately 3 +9 6 m along tke 


Beeeate track (FNCC, 1977). 


rh 
} 4. 
iD 


Expendatle bathythermcgraphs (XBT's) were uséd to dé 


Bee thermal estrrcture. The resulting *¢emnperatur 
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MBeeecead cnboard ship were coded on bDathyzhermograph log 


Smeets, Which were utilized as the data peints for recen- 


pyeemetiOn cL the thermal rofiles. Ciaeaeceortseee .Or-=his 
Peecedire is the loss of the fine thermal structure, as only 


Meeminent folints cn the temperature profile are recordsd tc 
give the general shap¢ and location of important features. 
meetmecr preblem assoctated with this metnod of data 
@egursizion is the varying probability that the observer on 
The vessel at the time of the XBT drop correctly chose “he 


P=Oper peirts tc reflect adequately the mi 
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de ag -— Oe pen, 


thermocline gradient and temperature inversions. PUeOGe sce 
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micording cf the values alcng with malfunctioning in 5 9 


10% cf the XBIs can also te @ source of potential error. 


MR CSOELSSRENT CF TEMPERATURE STRUCTURE 

Me began the analysis c&£ subsurface thermal structures, 
Bealizing the “crude" nature of the data, the *temperature- 
depth points were plotted cn a computer graphics system and 
mime) 268 thermal profilés were reconstructed. From these pre- 
files a vertical cross-section of the meridional semperatura 
Menucture was drawn, Fig. 3S. It was noted immediately czhar 
numercus t¢mperature inversions existed along the northern 
MmeGen-ral regicns of the track, but they ceased at apprex- 
d 


imately 41N. This subsurface bordér clearly; pus eS. “one 


ib 


bt 


Mmmeerceic Front which divides the Subarctic from Subtrepic 
Mees: While act the surface there is no indication cf the 
Beavision. The temperature inversions varied in strength, 
but generally shewed an increase in depth in a4 southward 


Beerection. 


The upper mixed layer displayed little variablility with 
Bemwecransients found within the structure. There were no 
large eddies reted in the surface layer 2nd the mixed layer 


depth appeared relatively constant along the entire track. 


Weak mescscalée features are probably present, bu: ehe 
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Figure 9. Meridicnal Cross-section of Temperatures at 1458. 
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Btaedal rescluticn pronibits their detection. The thermo- 
Gline was alsc fairly constant in depth with the strongest 
gradients Eetween 30 to 6C m. The isotherms in the lower 


layers characteristically deepened to the south, with sev- 


WM 


eral areas of large variability located near the temperature 
inversicns. The large warm intrusion located at 47N mav be 
Beumsed by €rocrs in the data, as a structurs this size in 
the Subarctic Region does not appear to be congruent with 


the cther features, and is not méntioned in the research 


me-eratu 


| 
ND 


To assess further the vertical thermal structure, promi- 
nent points, gradients and zones were defined on a typical 
temperature profile from the test region. hece 0) 2 tius— 
*rates the variakles that were used to analyzs sta-istically 


Mmenmtnhermal prcefile. Descriptions of =hese variables are: 


S¢a surface temperature was defined as the 5s 
face temperature reperted on the bathycthermograph icgs. 
since this is the temperature recorded on thé XBT trace 
moem the XBT probe entered the water, a slight dispar- 
meye fIcm Bee ec reed Soca y SOCCUS sdup “LO ths 
BOSspOnsSs time or the XBT systen. 

feet) —- Mixed ee derth was visually detsrmired as the 
greates= dep where the iscthermal Gas f= dacly 
negative Sue Ese Uee Grate te = nh the “Ssurtace ayer 
Smenged tO the strcngér gradienz of the underlying 


*® BOT - Ectteom of seasonal thermocline was visually 
determined as the derth where the seasonal zhermoclins 
Markedly changes intc a weaker négative temperature 
G@eadien= belew. 
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POM lempctatute at the bottom of the seascnal <h 
mocline. 


DT - Difference in temperature bezween the te 
Mepene Maxed tayer depts and at the bottom cf 
enrceEmccline., 


fu tf 
(A fp 
O ct 
mG 
wy tH 
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MD wm 


DZ - Difference in depth between ths mixed layer depth 
and becttcm cf seascnal thezmociine. 


EUZ - Depth of the bottom of the main thermocline was 
visually determined as the depth wher2 ths thermocline 
changes to an isothermal Ge pOSteave. Selpsratuc> 
qradi¢ent cust abcve the temperature inversion region. 


Bee - Temperature at the bottom of the main thezmo- 
elaine. 


DIBUZ Zeebint ezonce an temperature bectwean the 
temperature at the mixed layer apth and at the bottom 
of main thermocline. 


DZBUZ - Cifference in depth between the mixed layer 
wae and the botcom c£ main thermocline. 

eo = Temperature at reference deptma ofr 4690 m which 
Bese Selected arbitrarily at maximum depth of XBT 


mperature change in upper 5 m of zhermoclins 
mixed layer depth. 


Station chanrge In Wppes 15 mn of tneErmocline 


Dia ~ Temes 
che mixed layer depth. 


Bry 


ewe pese ou 1 Of = te=mociine 


ature change in upper 100 m cf therme- 


Pao - TT erat 
Cw the mixed layer depth. 


cline kel 


Diee- Distance from northern most XBT drop. 
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This assessment defines the aeneral structure primarily 
in the upper layers above the permanent halocline. The 
detail of the smaller structure such as transients in the 
mixed layer and multiple thermoclines are not included 


because they are variable and minor with respect +c ‘the 


(> 


meancipel structure. The temperature inversion featur 


vt 
in 


meow the main thermocline was rot chazract2riz2ed as i 
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Becutrrence in «#hée region varies in location an 
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@meeng the t2st period. In those zenes within the Sub 
Regicn where a sub-thermccline temperaturs maximum ¢xists 


permanently during th2 heating season, additionai variabies 


should b2 used te dafine this part of the <hermal rcrcefile 

Initially, che sea surface temperature gradien: was used 
aS a variarkl?z in the analysis. However, problems occurred 
Mmeecempu-ing ccnsistent gradients along the track as the 
Caiculated values were urrealistic and inaccurate compare 
meee cc. Nal conditions et the time: «his varizble was 
Meeoered f£rcm this study. 

These varitles provided the statistical base from which 
ali ccrrelaticns and regression equations were derived. The 
mmes COUld then distinguish the fluctuating and transienz 


meeures From the median thermal structure. hapless fs ii 
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HorpexaMine the variations and trends of the individual 
@mermtal prefile features alon eile me Lac h- graphs of thé 


re plotted in 


p) 


variables as related *o distanc2a and latitude 


in 


Appendix A. These diagrams illustrate? some of the concept 


()) 


that were discussed in previous chapters pertaining to th 


Mm@eeabtizty in thermal structure within a particular region. 


The sea surfacs température over the entire track as 
Sicwn in Fig. A.1 increases linearly to the scutkh where the 
mean gradient was 0.8C,100kn. Bee sesOngese GS20iSH= 
Meecurred in the vicinity of 44N and reached a value of 


cempsraturs in 
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Memmeio77. In the region of déta acquisition, the mo 


eemperaturs gradient and surféce i2sotnerm structure closely 
Memeat> tc tre surface <cemperaturse versus distance plot 
mera. A.1). Sere hts aemaoe =a AaMmagery GUuring <=nhis tins 


Semeerca Was cbhstructed due to the thick cloud cover over the 
Meas therefcrea, this rethod of sea surface zemperature 
determination was not used as was desired (Tabazta and 


momoer, 1579). 









Figure 11. FEacific Ocean Sea Surface Temperature on 10 
September 1977 (Fleet Numerical Oceanography 
Cerze Eso? 7) s 
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Fig. A.2 shews che depth of the mixed layer along the 


track. The mean depth was ~-22.9 m with a maximum and mini- 
memedepth cf -32 and -15 mn, respectively. The layer's gen- 


Meat trend of a slight shallowing by about 5 min the 


southwerd direction is otserved until 4ON is reéeched where 


“he trend reverses and becomes desper. Thies Wwhoca= .on Of 
change in the mixed layex depth trend accurately coincides 


een the Subarctic Front. 

mre c£cur thermocline gradient variables in Figs. A.3 
*hrough A.6 displayed a measurakle trend along the track. 
The variability of the temperature change in the upper 5 oa 


of the thermccline (tS jewase “etge 2m the neathsrn and 


mee pern erds of the track. Mec ecConter, woth =he e€xcer- 
Smor Cf cn¢ data pcint, a mean valus of Q.3C/5m was 
observed. Tre Ecundaries of these thr2e zones of the BT5 
@eeearie agreed with the division of the track int she 


Memeee ~2G°CHNS, i-€., SUubarctic Water, Transiticnal Zone and 
Subtropic hater. This effect was noted in mary of the ther- 
Mai structure variable plots. Pls, Proueatd Di VO0 ai 1 
increased with decreasing latituds, but tne general trends 


differed tetxtween each variable. DENS wsehowed “eh 


wD 


Largest 


mange Of variability with only an Slagn=, cnesease in 
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Bemperature gradient, while DT50 and DT100 both increased at 
Megeeater ra-¢. When plected collectively, as shown in Fig. 
12, the relaticnships beccme apparent. Generally, with 
increasing séa surface temperature, the negative temperaturs 


Megarent of <re thermecline increases slowly at a relatively 


iD 


Senmstant rate. 
Two cther depth-depéenden= variables on the vertical 
somperature profile, besides the mixed layer depth, are the 


meeaecm Or tre seasonal and main thermociines, BOT and BUZ, 


respectively. Figs. A.7 and A.11 disvlay these variables as 


hey vary with latitude. The variability cf the plots may 
Demaue in part tc internal waves with «ypical amplitudes cf 
fem fOr the ECT and 30 m for the BUZ. 

Mae BOIT's general trend southward along the track =o 
about 40ON shewed a slight decreésé in depth fron Set) Ze 
Sou . mat, senis Location cCccoinciass Wich the Subarctic 


Meeme aS did the MLD. The BOT then increasés sharply as ¢1 


i 
il } 


meend ~everses tc a depth of -90 no. 


ty 


Beeecthne BUZ, che trend is just the opposite of the BOT 
Mmeen]= Stibarctic Water and Transiticnal Zone. Piewdeosn ser 


she Eettom of the main thermocline increases slowly until 


Meeteerg the Subarctic Prent, where <he maximum variation in 
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depth is apprceximately 85 po. Pio ee reso Came teL, CRE ti 
of the BUZ increases in depth at a gr2ater rate along the 
memenern end cf the track. 

When the MID, BOT and EUZ are plotted together, as shown 
merg. 13, aedditional relationships appear. In the Subarc- 
tic and Transiticn Regions, north of 4YON, the thickness cf 
mmemurper layers above tke bottom of the seascnal <thermo- 
cline (BOT) deécreased in a southward direction. With the 
MLD trend at a relatively constant depth, tne only thermal 
layer to change in magnitude appreciably is the thermoclins. 
This suggests that the seasonal thermocline, Woop | aes 


negative temperature gradient, becomes stronger as the SST 


Encreases and es the thermocline «hickness decreases. 
Indeed, the temperature difference (DT) an dee nae kne ss (DZ) 


of the seascnal thermocline displayed in Figs. A.9 and 
A.10, respectively, agree with this suggestion. 


AS previcusly mentioned, che depth of the bottom cf th 
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Main thermecline gradually deepens toward the south along 


tty 


ter= 


Meemecrack., Figs. A.13 and A.14 show the increasirg di 
ence in temperature and depth from «hs nix2d layer depth, 
DTBUZ and DZBUZ, resrectively. These tendencies, in con- 


Mmeet=On with the trend of the E07, BiG tea Sia ces he 
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MegasivS temperature gradient at the iower part of the main 
thermocline becomes weaker and thicker toward the south in 
@me Subarctic and Transiticnal Regions. 

Be=- Sub<repical Water, south of 4O0ON, the BOT has 


Memyerseqd 21+s trend at the Subarctic Front and increases in 


depth. The RUZ continues to deepen, but at a greater rate 
mepan to the north. Temperatures at these two locations on 


Mme thermal erefile, TBOT and TBUZ, slowly increas] linearly 
Meeen decreasing latitude at nearly *he same rate of 
0.5C/100km. These values suggest that the negative 
*2mperature gradient at the lower parz of the main thermo- 
@mene continues to weaken and chicken, but at a deeper depth 
*han in the northern waters. At the upper layers, the 
Darameters of the seasonal thermocline, DT and DZ, increase 


feeen increasing SST. 


D. BeeltiSiTicéL FROCELCURE 
me pe<edict the subsurface thermal structure from a given 


SeepsUrzcace témperature, a statistical approach was utilized 


() 


20 determine the relationships between the thermal structur 
variables. The data analysis was done using =the BIOMED sta- 
Sesctcal computer programs on the Navai Postgraduate 


Benoci’s ITEM 3033 computer systen. Deeaiis of =the BIOMED 
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computer regrams used in the analysis az provided in 


Appendix €E. Basic statistics (mean and standard devia- 
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mons), scatter diagrams, correlation and linear fr 
analysis were performed on all variables. 

As part cf the regression analysis, <zhe correlaticn 
Meerticients fcr all combinations of pairs of the sixteen 
variables were ccmputed. These simple correlaticns are¢ an 
estimate of tke strength cf the linear association bstween 


laticn- 


DD 


two variables and do not imply the cause for the r 
mmep cco which variables affect the variation of the other. 


Scatter diagrams were used in conjunction with the 
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Begression analysis to assist in refining the correlaticns 


between variables. By visually removing pocr data points 
mmee de<racted from trends within specific regions, the 
analysis cculd be improved. ALtcsr determining the best fit 
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Wertical temperature profile to ke cetermined by calcu 
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“he values fcr the variaktles with the only input being «hs 


sea surface temperature. 
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The values cf the 16 thermal structures variaples fron 
+he 28 temperature profiles along the track were correlated 
for all cecmbinations with the results shown in fTabls IV. 
Several strong relationships appear with the correlation 
coefficients cf a few variables being greater chan 0.750. 


The sé€a surface temperature had the greatest number of 


Memeeicn Cf “he thermal prcfile from the SST. Tie hagips: 
Moerelaticn coefficient (0.993) ecccurred whan the SST was 
Memparscad With the distance aleng the «rack. This was 


Beemected due tc the relatively constant north-south surface 


temperature gradient in this region of the Northeast 
merc. fic. 
Cthecr SeerGm CObreolations oe ~he sea surface 
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*emperature were the temperatures at the boztom of the séa- 
sonal and main thermocline, TBOT (0.944) and TBUZ (0.949), 


respectively. WhemepDLOtzed GOgether, as shown in Fi 
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Saerccrends clearly apcear. The variables‘ similar reiation- 


meee imply thaz the entire vertical tenperature 
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"leans" tcward warmer temperatures as <zh2 small negative 


thermal gradient in the deeper layers increase with increas- 


ing sea surface temperature. The change in t¢mper 
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TABLE [IV 


Gemre-lcae2Gcn COcrElL Cents Of Thermal Variebles 


wLD MLD 

SST me24u SST 

wT 5 = 484 ~.028 DTS 

Mumm .t21 1325 .089 OT15 

DT 50 M57 «770 ~.211 .485 OT50 


DT100 mee) 6907 -.055 «4.393 «32.992 ~DT100 

oT 0128 «6855 -.026 0466 68430 «8670 

DZ mmrn6 4305 .200 .016 -.082 .050 .425 52 

BOT ot59 2.203 -.4065 -.05F5 1.12% .930 -.341 -.949 BCT 

TBOT 0296) 194 -.065) 6251) 5320 «6822 «6688 0150 -.041 «THOT 

SUZ @.202 -.682 -.124 -.098 ~.239 =-.496 -.555 -.6%3 2.51% -.553 Buz 


Maye .267 «949 -.935 334% «6630 «770 «79 

PPBUZ «217 «0960 -.068 «4368 «6842 1961 1891 2204-0114 4885 ~.535 .£30 DBZ 

BeeUZ)o 374 «678 =.033 .068 1246 1595 155!) «6578 «W4Ot «6665 0983 «661 «634 DZBUZ 
g 


T4460 Mee 3906255 8p CS Se EOS = 635s 6835) 6 =.555 «62632 46795) «1653. CLO 
MEAN -23.2 18.1 liu Ome een nO. Occ 7 2.0. Fetal 3363 66 6 Fen 1Oue 204° 
vey «eI omeiee Nes tee) lle te 3. 15.9 fsou  2/7et eee ASOD ele ge tha, 5 
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mmerupper 50 and 700 m cf the thermocline also displayed 


+ 


meeong diztect relationshirs with the SST. 


@ 


Two pairs of variables which exhibited strong neqativ 


iD 


Gorcelaticrs, and for similar reasons, were BOT-DZ (-0.949) 
amd EUZ-DZEUZ (-0.983). These combinations indicat? that a 
relaticnshif exists between both «he BOT and BUZ and the 


MLD. This is due to the relatively small variations in the 


mixed layer depth when compared to the large fluctuations of 


meme COT and BUZ. Therefcre, as the bottom of th2 seasonal 
and maijn thermoclines varied, the depth difference between 
t#hese variables and the MID similarly changed. Thos. (ceuaka 
provide an important link in determining the mixed l2yer 
depth if a viaktle connection cculid be established between 
mmemEOT Or BUZ and SST. HOWEVG ES acCOnemng <c the corréela= 


= 


moe coefficients comparing the SST toMLD (0.224), to BOT 


| a 


D 
+ 
)) 


fee 203) ica Om CU 4) 6 Ge 2) Sa- Stsebgeh of zhes 
ticnships was weak as shewn in Figs. 15, 16, and 17. Corre- 
Jlaticns of the cther variables with che mixed layer depth 
reveaiesd Jittle as tc pessible methods +t) detézrmine this 
mmpcrtant thermal structure variable. 

Due te “zhke noticeable differences in thermal structure 


mmetactetistics among the various regions snecuntered alcn 
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Pigure 14, Ccmrparison of SST, TBOT and TBUZ Versus 
Latitude. 
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Mme 16. Ccmpatison of EOT and SST Versus Latitude 
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mmeetisck, the data were next divided into Subarctic, fTran- 


t-- 


Vv 


} 4 


Siticnal, Frontal and Suktropical groupings. These d 


O 


sions were determined from the previously discussed regicral 
characteristics and thermal analysis of Chapters II and III, 
mmgeain retrospect, they proved to be an accurate reflection 
Meee he boundary lecations at the time of data acquisition. 
The Subarctic Water characteristics were traced from the 
Mmeretehe=n-most vertical temperature profile on the track <c 
XBT staticn number 345 at 45.33N. The Transitional Zone was 
observed from XBT station 346 to station 357 at 41.17N fecl- 
memea Dy ~he Subarctic Frent between stations 358 and 359. 
Meena ng at XBT station 360 at (39.97N), ard eon in a rg 


south *o the end cf the track, was an ocean region contain- 


Mer tOperties cf the Subtrepic Water. Fig. 18 illustrat?¢s 


ae 


Mm@emeecdiv=Sions of the track data points into the various 
m=gicns. 


MomorsecrEve tre Separation of <he cdat2 by groupings bet- 


Memmeeeand to refina further the correlaticn coefficients, 
Scatter diagrams of several of the +hermal variables were 
plot<ed using the BIOMED ccmputer programs. Sines che cnoiy 


Variatles that correlated strongly with SST were other 


Semperature-derendent variables such as TBOT, DT, TBUZ and 
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DTBUZ, a closér inspécticn of the depth-daependent variapnle 
was desired. To ascertain whether the séa surface 
temperature can define the depth of certain variabies is 
necessary in tke develcgement of the «zhermal profile. 
Therefore, regicnal scatter diagrams for the three primary 


depth dependent variables (MLD, BOT, BUZ) and SST as cen- 


meee od co the cther variables were plotted and analyzed. 


r{ 
tt 
pw 
Q 
wp 
ct 
‘D 
58 
rO 
(D 
t{ 
fv 
cl 
fj 
hy 
Mm 
= 
=a 
if 
Ey 


The scatter dlagrams for sea su 
Gompated to the cther variables aze listed in Appendix C. 
Mento «€6Cthe:«ckhilgh correlaticn coefficients of these thermal 
Variables the +rends of the daté points were clearly visi- 
ble. Oepyecue linear relations cccur between SST and DTSOQ, 


me, DI, TECT, IBUZ and DTBUZ through the various regions. 


DTS and DT15 also displayed an element of Linearity when 
s2vereal of the mere distant data points were removed. Th? 


Bemeucer-déerived correlation ccefficisn=s fer these two 
variables were excessively low due to the remote points. 
Mom the vatiatie DTS shown in Fig. cC.2, the data behaved in 
a strong linear fashion in the TranSitional Region @s a 
Bemperacure change of Q0.3C in the upvoer 5 m of the therac- 


cline was the mean. Alice che thermocline gqradiscnt vari- 


() 


meee, DTS, DI15, DT50 and DT100, could then be modeled by a 
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mereat Squaticn related tcthe SST, at least in the Tran- 
feeticn Region. 

Iwo scatter diagrams which ccmpare SST to BUZ and DZBUZ, 
megs. C.10 and C.13, illustrate a perceivable linear trend 
betweer the variables while the correlaticn cosfficienrts 
reflect a mcderate level of association, (=0 5667) and 
(0.678), resrectively. Again, with several of the remcze 
data points remcved, an improved correlation coerficien< 
meta be cemputed which tettear portrays the relationship 
meen SST. 

Cther depth-dependent variables, for which a visual 
relationship was cbserved with SST in th2 scatter diagzranms, 
Meme, Lor ECT and DZ, Figs. CAO Fomd-C.5 9. BOel cin costed a 
Mec L wedce stape with data for «he Subarctic and Subcrorpi- 
Cal Waters cn either wing and data for the Transitional Zone 
mec be cente-. ft etlemiGrenebEn Or SouUthe=n Segional data 
were removed, then a higher correlation could be obtained 
Utilizing that from the Transiticnal Region alone. However, 
Weeh the visual trend in this region clicsely following the 
fea OL deta from the Sukarctic Water, data from the north- 
ern end of the track could be usé€d to assist in the accurate 


@ecectMinaticn of mela eens: DS . WLeo eac. oO. The 
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Mmme@e he lccaticn of the Subarctic Front is on 


™ 
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Moundery cf the Transition Zone, and the water character 


ct 
1p 


mcs are sigilar. Therefore, the Subtropic Water da 
points shcuid ke remeved te derive the correlations with 
data from cnly the twe northern regions. 

The we data points in the regional scatter dz.agrams for 
Mme subarctic Front consistently fcllowed the Transitioral 
Zone cata tieénds. As shcewn in Appendix C, fer che thernal 
Meerarles EOT, OZ, BUZ and DZEUZ, the Front provided the 
Sharp break between the Transitional ane@es Upc sergeat 
mere nsS, cut in the scatter plots for the remaining thermal 
Mememearles the Sukarctic Front fell within the trend of ths 
Semncs-hetn regicns. 

Mee =Catczexr plot comparing mixed iay2sr= depth tc SST, 


meee cn Fag. C.1, initially appears not *o reveal anv pat- 


4 


Meemteewnich ccuid be used to infer a relaticnship with the 


pte 


BO le Memevc=, if the Sustrepical Water data points are not 


rh 


Bacluded, a trend of decreasing deptn is noticed and tha 
Memerelacticn ccefficiesnt value of 0.224 between these <two 


Variables shculd incréase appreciably. 
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The reégicnal scatter diagrams comparing mixed layscr 
Mepeh to the cther variables did not exhibit any s*=rong ccr- 
relations and were not included. However, several weak pat- 
terns were ckserved which indiceted a trend of the MLD 
Slowly decreasing in depth in a scurthward directicn for «he 
northern twce reqions. All scatter plots displayed large 
variability amcng the data points which agrees with the lcw 
m@eerelaticn ccefficients fcr the variable. 

Appendices D and E contain the regional scatter diagrans 
for ECT and EUZ, respectively. These plots show a greater 
linear dependence among the variables, and therefore higher 
Boecelation coefficients, than was shown by the mixed layer 


depth. In mcst cases when the Subtropical Water data 


9) 
‘D 


memoved, ieaving only data from the Subarctic, Transiticn 


Ls 


and Frontal regicns, a strenger relationship was observed. 
Iwo netewercthy SGdeecer paeegrans which Ded est =eng 


negative ccrreletions were BOT-DZ and BUZ-DZBUZ as shewn in 


wb 


nm 


Mege., 1:9 and 20. As previously noted, th2se@ two vériables 
With high correlazion coefficients could provide the neces- 


serey 3ink tc determine the mixed layer depth. Bicemba1 ar 


ib 


Meeudc are the differences in depth from the MLD to the EOT 
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ons defire 
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and EUZ, respectively, a pair of simpie equat 


Belationshir. 
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BOT + 02 


MLD 


EUZ + “E2BUZ 


MLD 


note: MLD, ECT and BUZ are negative values (depth) 


Tie Only weak "link" in the two equations is the deterz- 
Murat 2on cf the BOT and BUZ directly from SST. To imprcecve 
the correlaticn coefficients for these «wo variables as sug- 
gested by the regional scatter diagrams, data from the Sub- 
*ropical Water and several distant data points which 
detracted frem the established trends were removed. In seéev- 
mea?’ ct the flicts, priwarily fer the temperature-dependent 


memeeacbles, wrere the <erend was actually stronger ander 
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Meeiceates With cats from tke Subtropical Region included, the 
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correlaticn ccefficients wers impreved. TAS “Gorz 


Meet icztents fer the best-fit «rends are listed in Table V. 
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[Meme as.OnS az¢ mad to show which coeffician 
decreased frem the values presented in Tabl=2 IV. 
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An example cf a correlation coefficient thar decree 


i) 


due to the remecval or data points and yet provided a 
S~ronger trend was ‘he *ID versus DT5 combinazion which 


meee c Ercem -0.484 to -0.197. In this case, the majecrity 


76 





-40 


LEGEND 
@= SUBARCTIC 
S= TRANSITIONAL 
x = FRONT 
Gm SUBTROPICAL 


-70 -£0 -30 


-80 








-90 


DEPTH OF BOTTOM OF SEASONAL THERMOCLINE (MA) 


-100 


-110 





40 38 68 "70 , 00 7 
DZ - DEPTH DIFFERENCE FROM MLD TO BOT (M) 


Meare 19. Recicnal Scatter Diagram - DZ Versus BOT. 


U9) 





-130 -130 ~110 -90 


~170 


LEGEND 
@@ SUBARCTIC 
Aw TRANSITIONAL 
x = FRONT 
O = SUBTROPICAL 






DEPTH OF BOTTOM OF MAIN THERMOCLINE CA) 


190 





go 70 90 10 100C*C*C“‘<i«‘~ K!:”*~*«UO 190 
OZSUZ - DEPTH DIFFERENCE FROM MLD TO BUZ CAD 


Figure 20. Regicnal Scatter Diagram - DZBUZ Versus BUZ. 


78 





TABLE V 


Omer -miots Var. e oles 


meee Pee CCrréelaticn Ccertfticients 
MLD 
/ 
535 SST 
°o / 
-,197 eee) DTS 
t nee 0 
mie? 077 -.063 9615 
4° i 8 
Bs2 1630 -.435, .460 5T5O 
oud 3 - 
e995 eo =e 259 0 385 0926 DT 100 
i / i , Pe f 5 
Bro 2659 -.497 .511 .952 .846 OT 
f a , ; ee 
~156 = 6645 20 30 aes aint] =-.999 =-.200 A 
' ‘ ° , gue a ' ; ee 
ao 7 770 ae 5 0256 259+ 3/2) o+iO =-.949 Mus 
f / ao ! , Een bos 
USO dhe -.199 1.229 2771 839 .585 -.772 2873 ou? 
; é é esas ’ t 
(307 =2790 4212 2223-0239 -0496 -.565 -.543 0514 -.653 SUE 
Oo pene ; : Ss 
Wee cs 2.579 635% 2790 «715 «673 -.62% 2831 .S78 -.65% 
/ é J / mde Ss ? ee ; 
0436 6960 -.304% 8.357) «69350 0977) = 2559 -.503 2050) CH =.036 
/ / f Oo a. ee Qo Pane. ee 
Meeee7o> <021 2120 .221 .293 1.292 .~237 «171 «102 =.933 
/ f f t Peres Dee ‘ Prot 
035+ 0993 407, est+8 0317 e922 eae) ~ 2023 7S 0331 -.0095 
Meroeeeo3! .057 276 9-1 .999 Mel aiesG 396 .o45 =.636 
OTE: re, Pieseeaces 1yyCreased CoSstErzici 
(9) sandicates decreased coefiici 
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of data pcints were grouped about the DTS valus or 0.4C per 
meme and @ MLE value of -23 mg. Tic waeconoes ee. Cap<~ Urs cae 
+rend of the Transition Region was made by excluding the 


distant scattered points; however, this datracted from tne 


ce 


m=cd and S2ducea the correlation coeffricien«. 


wW) 


overall 
Belarge number of correlation coefficients improved sig- 
Meer cantly by this method cf data exclusion. Mest 2OTicSs= 


mee is the variable SST, which, (except for the combination 


M@ecen DTS) increased all cther coefficients +o greater than 
Memeo) With Six ircreasing above 0.900. The impcrtant corre- 


Meercns Of SST with BOT and BUZ improved from -0.203 and 


Bemroo2 to 0.776 and -0.796, respectively. MYC SClOG Ee la. 04 


het 


coefficient cf SST versus EFOT 2ven reversed sign. 


PaGwenaed MSs =eng=h 2  —=he varzous correlaticns 


ens 


i 
Mm 


*o infier that usa- 


(@p 


Beeween vVariakbkieés provided the cenfidenc 
Beem celaticnshirs exist in the vertical =hermail pxocrtile. 
Since =he variable SST had the greatest number of streng 
Boemselaticns with the other variables, we Janae ss ce | 
Meehcd of deriving iinear regression equations using only 


B@enwanput cir SST appeared practical. 






Eis REGRESSLOCN SCUATICN ANALYSIS 
m=ometne Lesterit Gorrelation. ccefricients of the vari- 
mere SST in ccmbination with the other variables, the icl- 


lowing linear recression équations were derived: 


MLD = (1.2C€01) SST - 43.300 
CTS = (0.03629) SST - 9.21573 
DT15 = (0.16058) SST + 2.2271 
DTS5O = (0.48462) SST - 0.14105 


DIW00 = (0.48506) SST + 0.52999 


Beme= @reto11) SST =8133.08 


TBOT = (0.61762) SST - 1.9317 


CGE a 29) oS oie. 9467 7 


Dee 


ns) (aoe GS sree 99.702 


BUZ = (-7.5247) SST - 9.00793 


TEUSZ = (0.46510) SST = 0.56001 


DTEUZ (0.55345) SST - 0.42130 


DZEUZ = (7.7697) SST -27.820 
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Mm CORStruct a ccmplect Vever ca tecem p=nacure profile, 
since the variables previously mentioned only d¢fined the 
upper domain cf the tnermal structure, a rAew variable was 
needed frcm lewer depths. The temperature at 469 m was che- 
sen brecause it was the Lowest datum peint available from the 
XBT data provided alcng the track. This type of variakle 
Mmmemnes Ppartacularly desired 4s it sceslates &@ temperature tec 


Meeepecific Werth rather than to a feature on the thermal 


aati]. A ketter variaktle would be at a reference depth 
where the t2mperature gradient becomes isothermal in the 
deeper regions of «he ocean. However, =his was not availa- 


(D 


Meentrom the linited depth of the data and the TH#60 variatl 
Was established. The same methods of analysis were anployed 


on this variabl2= es were ccnducted on the others. When ccn- 


Meme ad tO <he s¢a surface temperature, a correlation coef fi- 
Beeeee «(COt CU0.8S106|CUWAS)6CCcompucted 06 Oalcng with astzong linear 
trend in the regicnal scatter diagran. TNISSerOre, aiglan saz 
reaqression equation could be used to determina «he botton 


Beenmt Of the predicted temperature vorofiles at 460 me-ers 
meem the variatle SST. Mies li neas Frsgression Equation for 


T460 was ccmputed as: 


T460 = (0.217834) SST + 1.3109 


BZ 






Two cther important relationships which were derived by 
regression analysis, but they do net use SST as the indepen- 


Ment variakl:: 


Die et -O 2290) BCT = 12.693 


D7 EUree= (- 1085 0)) BUZ = 278969 2 


These €quaticns use the comcouted values of BOT and BUZ 


emaeterminsd from the SST to calculate the thickness cf the 


(A 


sSeascnal and main thermcclines. The magnitude or *hese 
thicknesses ([Z2, DZEUZ) when added tonne BOT cr BUZ, 
respectively, can then define the mixed layer depth. 

Bue tc tke relatively Ow  COLZSLlaciom  coethiiccient 


memewecr «82SST and MLD fcr the SST-derived MLD equation 


(p 


memes s), ECSSibly a combination of equations which define 


ad 


Mieoewit~h higher correlations could improve the accuracy in 


Getermining the mixed layer depth. The rsgréssion equaticn 
Memeeec ne SSi-dezived BUZ, with a correlation coefficient of 


-0.790 between the two variables, along with the BUZ-cerived 
Meeuz menticned above with 2 ccrrelation ccefficient of 
oo e3, seemingly provide the Strongest combination. 
Mmererore, che group of equations used for tne mixed laver 


dectth determinaticn were: 


Se 





BUG =e tet eseuy) SS > 0.00793 


DZBUZ = (-1.0359) BUZ - 27.892 


MLD = BUZ + DZBUZ 


Th-ee ctkexr combinaticns of regression #quations could 
have been used to deta2armine the mixed layer depth, but were 
Meeechosen because of their lower correlation coefficients 
between variaklées. Pine equae2tons and “cOrtslaticn cceEri- 


Seent> (rc) are listed belcs: 


EOpe= (3.5611) SST = 133.08 0 a 
BZ =) {(-2./60141) SST + &9.782 r= ~0.645 
NLD = BCT + Tz 


ROT = (3.6611) SST - 133.08 


rf 


ORS 


P2)=) (-0.€5398) FOT - 12.693 2 -9.949 


MLD = BCT + DZ 
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Buia? 2.9247) SST — 0.00793 iran! 2 


i 
it 


Basuag = (7.7697) SST = 27.820 = Or 7 66 


MLD = BUZ + DZBUZ 


With the MLD dexermined, the temperature at this depth 
was needed cc provide the fundamental tamparature from which 
eae thermeccliine could be comput2d. A variable TMLD was 
added to represent ths temperatura at the mixed Layer depth 
and was defined as the sum of TEUZ and DTBUZ. Since oer hk 
semperature-cerendent variables had very high correlaticns 
@memeehe SST, 0.949 and 9.960 respectively, streng confi- 
Memce COUid te placed in the resulting variable, TMLD. 

Mieadce:tiona] feature in calculating TMLD by =his method 
Meee o calicw fOr a Slight negative ‘temperature gradient tc 
@CCur in the mixed layer. Many ocean thermal structure mod- 
els assume that this upper layer will be isothermal when 
actually a realistic profile often includes a temperature 
gradient. 

Mmne £Ous thermal gradient variables DTS, DT15, DT50 and 


DT100, as determined from the SST, were subtracted from the 


"4 
it 
O 
h 
O 
f 
= 
a 
ys 
Mm 
ct 
ra 
Wd 
14 
t4 
\) 
' 


*éemp¢erature and depth of the mixed laye 


rem € . Mes cusleeusc sale nguywich =he SST and mixed layer 
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d2pth values, baewaeted the Upper pottion of the vertical 
Bemperature prefile. 
In the région below *he seasonal thermocline the 


tempéerature-derendent variables, TEOT and TBUZ, and dépth- 


dependent variables, BOT and BUZ, were computed directly 
meom tha input.cf SST and applied to the te¢emperature pro- 
foe S . Several times durang the plotting of these points in 


the testirg and ccmpariscr phase of the thesis, the leca+ion 


Seeeene DT1I00 veriable would cccur below both the BOT and BUZ 


iD 


ct 


or between them. In these cases it was Simple to adjust 


iW) 


Semauerce cf pcints tc allcw the proper construction of = 
<ampéeraturte profile. 

Fenally, in the generation cf the temperature profiles, 
she variakle T4Y60 was used te provide tne lower base of the 


Peesicture. SewecmiaoUlwacmuah dir elitcially=qenerated vari= 


mempelaturs variations at that depth should still be accnu- 
meee ly cefiected. 


Meera. Cf Raine points were used =o define the entir 


iD 


M@eeical témperature prefile. These ware plocwted on 


fv 


UD 


Meer CONIX 618 graphic display system and ccnneczed with 


Ba-icnal epline methed that allows some curvature between 


36 






t-4 
(I) 
(n 


points. This was done to portray the ctemperatur? prof: 


Merihe reqicn mere realistically. 


F. THERMAL FRFCFILE TEST AND COMPARISON ANALYSIS 


1. TES 


a 
Tee first type of comparison test was conducted with 


Meosaece cn Of #42 


iw 


me criginail crack of data used in the 


iQ 
iD 


ct 
(D 


predicted thermal profiles. The XéET Mpsrature-depth pro- 


Memes Of the Subarctic Water and Transition Zor2= weré ccn- 


pared wich the ccmputed temperature profiles which utilized 
the se€a surface temperatrrce of the actual XBT trace as the 
mmeey input. Fd. 21 shows the comparison between the 


Bmserved and predicted thermal structures for the northern- 


MOSt XBT staticn on the track. Appendix F lists the remain- 
Eng twenty prefil= comparisons for the northern regicns 
meee. ng the Subtropic Water. 

The ccmparisens generally illustrated a streng simi- 
Moat y in the uprer layers. The mix3d iaysr depth alcng 
Meme the Slight negative temperature gradient in the lays 
Bees realistically predicted for 4 majcrity of cases; inter- 
mal wave mcticns are assumed responsiple for the léxrges* 
Meeeation frem the predicted profiles. The upper thermo- 
Beene region Closely approximated the Second 9 shermal 
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gradient measured by the XBTs. im the ~Lewes thermceclinge, 
Meeeeter variability occurred, assumed due to internal waves 
and ‘«heraal advection, resulting in poor comparisons as 
meen in Figs. F.2, F.11 and F.12 for XBT stations 341, 350 
gaa 351. 

The predicted lower regicns were not as precise when 
compazed to the observed profiles usually due te the exis- 
tence of a significant temperature inversion. Lack of a 
Mea]! tor this feature, which was not attémpted, clearly 
affected the profiles at depths greater than 130 m. Several 
Meecac.ed profiles, however, did attempt to reproduce this 
meeucturS with the placement of the DT190 variable below the 
BUZ. This was shown in XET stations 343-346 ard 348 (Figs. 
mee —= F./ and F.9). 

Between -=he bottom of the main théermoclin>? and 460 


PedueGeotePrOLlies CChrtately tailed io approxi- 


oF 
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in 
Mm 
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dp 
rj 
by 
t— 
TT 
+ 


SvVed- simtictUroamerh i em 
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fw 
ct 
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.¢ 
a 
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O 
ry 
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iD 
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was caused by the 1 


$i 


Variables in the lower layérs as well as +h2 computer-genez- 


azteG curvature ketwesen cata points. When the variabl 


(D 


3 
DT100 and 3UZ were very close together, as Shown for XET 
Sereerons 348 and 349 (Figs. F.9 and F.10), the profile weuld 


bulge with a fesitive or negative gradiant. 
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fd 


atl Zing Ones ys nine points to define the predicte 
+hermal prcfile cbviously smooths the fine structure within 


th 


iD 


thermocline and mixed layer. However, due to the small 
size and transient nature cf these features, their removal 
would nco~ severely limit the usefulness of the predicted 


Structures. 
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fon Chest 2nat 
temperature structures were generated and comparsd with the 
same XBT data from the meridional track, the comparisens 
Should be relatively closes. The predicted profiles would 
actually represent the average of all the cbserved theraal 


Peeuctures as the variables reflect the trends along tas 


erack. 
my ERST 2 


Q 


A more stringent and realistic t¢st was atrempted 


Meat defines the spatial limitations of this thermal rre- 


bs 
{) 
a 
ly 


Meeecticn method. Tes= 2 censists of comparing observe: 


Meca2cted temperature prefiles which occurred during the 


Same time period as the data generation, but svatially 
remcved. Meccss=n lO ind cation @s to a init 2n the effec- 


tive distance weuld be tke observation that the predicted 
profile ESGins | 5S diverge greatly from the actual 


temperature prefil 


() 
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The test XBT data were oktained from Fleet Numerical 
Meeancgorarhy Center by a cemputer search fdr all availabis 


XBT drops which cccurred in September from 1965 to 1980 in a 
Men degree wide strip of lengitude which surrounds the orig- 
inal track. Inexplicably, the data received were limited to 
the area scuth of 4UN, excluding the Subarctic Water. Lack 
of time frevented an attempt tc acguire theses data which 


would be useful, but not entirely necessary, for analysi 


1) 


ime ctempsreture-depth data were then selected by noting the 
Beestions relative tc the original data. To provide an 
mmeective test, a2 variety of locations in the Transitional 
zone were chossn. However, these positions were constrained 
by the availerility of data in the région and aposared as a 
memtet belt perpendicular tc the original track. eo. 22 
mmewe -ne locacticn of original and test XBT drops. 


mye  -6mleexa cUSe-derth peltres provided by FNOC we 


m" 


= 
meen plotted and conrected on the compucer graphical display 


ofils2 as 


t 


With the same amcwmt cf curvature applied tc the 


"oO 
iM 


te 


es 


= 


ere plotted 


a 


rh 


m=fore. Ecth ofserved and predicted pro 


together again fcr analysis and ccmparison purposes. 


ue 


Five vertical temperature profiles from the 10-11 


september pericd were compared with the predicted profiles 
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as generated from th sea surface temperature of he 
observed profiles. The test produced varied results with 
séveral features of the ccmputed tampéerature profiles con- 
Beeang faverably with the actual thermal structures. The 


largest differences were nected for the two profiles located 


+he greatest distance frem the meridional track at 145%. 


Ct 


he 


in 
ly 


Figs. 23 and 24 illustrate the ccmparisons at leca- 
sions, arrroximately 400 km east and west from the original 
eeack of data. The mixed layer depth and upper thermoclin: 
regicns cf the predicted profile closely resembled the 
Bie=rved profile, but both structures displayed differences 
in the lower regicns. 


Mme casteza mest ckssxrved prefile had a thin, strecng 


(p 


thermccline which gradually weakened with depth. fhis cen- 


erasted markedly with th (W-detehen theryo- 


iD 


Serer grand Sis 


Hy 
'o 


mene of the predicted prcefile. The regions below 150 a 

Seecolayed Similar temperature gradiants for both prefileées. 
Meme chic WEStTOEn MeCSt test profile, the only region 

Meme ctsr Significantly frem the predicted structure was the 


lower domain telew 130 nn. MIemmmrcecatsOne Of thea two clese 
Variables, BUZ ard DT100, along with the computer-generated 
mmeyasulS -Orced the predicted profile to divarge from the 


Weak temperature inversions. 
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PNememree OUCNcamTeSt Cases, ShOWN ih Figs. 25, 26 
mums, which were located closer to the original track, ali 


displayed streng similarities between the cbserved and 


Beedicted profiles. ReGen t SOf ths Line Struczur]e and pces- 
sible effects of internal waves cn the deprh of the chermo- 
cline, the ccmputed prefiles were very accurate. The 


unusual shape of the observed temperature? profiie at the 


merect Of the seasonal thermocline, in Fig. 27, and clese 
Mmeprcksmation cy the prec Gd *erotile, llustrates +k? 


meong ability or this statistical method <9 produce <zhermal 
Beatures unique to a certain regicn. 

Menmeact th= Spatial limitations of this empirical 
Mmeepod <cutcher, a vertical tamperaturs profile taken at 
Mean Weather Station "P" during the dé*a-ganeration tins 
pericd was examined. Samcewere sbocaewommct =he rors hess 
Meee AST drcrp cn the «rack was two degrees of latituds scuth 


Meow s-PF, che results should indicéte the reliability cf thea 


mecthed outside the test region. Fig. 28 displays the ccn- 
Pa=ison tketween the observed and ovrédicted pretiles for 
OWS-E. 


Pwollethewsurrace te “he maddie sf the thermocline, 


Tie two profiles were vety Similar, with tha mixed layer 
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depth accurately depicted. However, ~he lower segqmen= of 
Meemewo prcfiles differed by 2.0C. With tha actual vertical 
temperature jSharemme lit being considerably cooler shan 
predicted, a different regime must have been encountered. 


Tabata (1961) suggests frceom his observations in «the region 


iD 
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meee ncrizcntal <ransport cf colder water from the vicinity 
Oe che Alaskan Gyre, lying northwest of the station, may 
causé a decrease in temperature during the summer months. 
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structure up to three weeks in future. The only availa- 
Meee XBT test data ir the Transiczional Region were located 
within three ceqrees longitude to the west cf the original 


Mereck aS shown in Fig. Zoe Vereccemece 1Deracuz] pooOf2ies 


Mesce choser az weekly intervals and compared with the 
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At the erd cf the first week, the observed thernal 
Meertic, as shcewr in Fig. 30, displays a deeper mixed layer 
Soma depth of 40 m cverlying an extremely strong negative 
Tsmperature qradient. This feature was not represented well 


by the predicted profile as the computed MLD and thermoclin 


wD 


101 






A 027 


A G27 


A OCT 


A net A Ot A CFT 


JIdOYLENS got 


dy 
SHIu vans O9E 


NOILISNVYL 


JILIYVENS 


@ 
@ 
3 
4 
® 
® 
® 
@ 
e 
© 
6 
® 
e 
| 
9 
® 
© 
@ 
o 
@ 
@ 
@ 


< 


x 


x 





:g: 


oe 


(e) and Test 3 (X) 


Sa2nal 


OP Of ‘OF 


Loca ss 
Data. 


eZ 






t 
it 
Sy 
‘Dp 


variables were shallower in depth. The shape 09: 


Meeerved mixed léeyer infers strong wind and convective mix- 
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mg, SO surface weather charts for tha peried of 11-15 Sep- 


member 19/77 jin the Nertheast Pacific were checked for the 


occurrence of a@ Significant atmospheric event. On 17 Sép- 
tember 1977, acold front associated with a low pressure 
system in the Guif of Alaska had quickly passed chrough ths 
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test region with rain and 35 knot winds. The weather during 
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predicted structure. DOGieronwOrNcntS test XBT was on the 


southern Ecuncary of the Transitional Zone approximately 290 


mmewese Of the Criginal track. The predicted temvoerature 
profile in Fig. 31 cleariy resembled the observed vertical 
mee Mal structure, but with slightly cooler temnveraturés. 


Bee, tO the Strcong winds frem +h? storm a week earlier, ‘the 


observed MID remained deer. HOWSVeEr, 2eesenseemer ac 30 t 
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depth hac fcrmed with 49.5C increase in s¢a 5 
Sempetature as the weather in the region during the seccnd 
week was dcminacted by a strong high pressure systen. The 


epserved profile's thermocline alse de¢pen3d by abou- 10 @, 


which may bé due to internal waves, Or it may hav? been 
@aused by walt advection from the scuth. Immediately beiow 


she tnermocliins, the two profiles diffared slightly becauss 


Meeethe cine structure in the region. The predicted 
=Smpeéerature az 460 m depth remained accurate? when compared 
Memeech= ONServed tSmprerature throughcuct ail the tempcral 
Tests. 
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Mescem mcved thrcugh the aréa cn 25-25 September 1977 and 
was immediately followed ty a high pressure ridge. The 


storm, with maximum winds of 40 knots, maintained the 40 on 


thick zsothergal mixed layer es shewn in Fig. 32. The wing 
mixing had increased and deepened the negative temperature 


gradient cf the thermocline =o a level approximately 10 og 


; Thueene lower domair of <he 
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below the precicted froril 


a large differences was noted due tc tha 
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thermal structur 
Slight temperature inversicn of the obsarved orofilée and +9 


Brerclose location of the two variables, 3UZ and DT109, ax 


diG@eed woref: le. The proziles coincided et 
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moe f On «he er 
the 460 m depth as detsrmined by the variaole T460. 
Mt-mececinasy Of =he peediceed srofile after three 


Memercn the time of data acquisiztion for the statistical 
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analysis shows an overall degradation. However, considering 


“hat two storm systems passed through the region and the 
Summer heating season was approaching its end, Siero Of 


casted prefile was not excessively ccor. 


G. Prem ERE DLC TED TErRMNAL PROFILE RESULTS 
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The underlying requirement o 5 t= Se eal ap peoaen 
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Beep ccdicting the vertical temperature prefile is to acquire 


Memerer ace Aaeta that reflects the mnean thermal conditions for 
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a particular season and tregicn. Beci@ges = tne acquisition 


techniques, the importance in precisely defining the 
Begqicnal bouncarises is essential. Both temperature and 
Salinicy shculd be used tc establish the limits of usable 
data when aprlying correlation and regression analysés. 


Results cf tke predicted thermal profiles located outsides 
mime data generaticn area, as defined by a csrtain region, 
displayed a marked degradation in tne lower thermocline and 
lower domain regicns. The predicted profiles lecated near 


rea g¢nerally portrayed <~he cbserved temperature pre- 


my 


<ne 
Mees cealistically within the spatial limits of 455 kno 
meet =h2 Criginal data. 


Mie Gesuits cf the temporal accuracy of the predicted 


MeeetwiecS Indicate a favorable ability <o forecast «h2 ther- 
Mees -ructurs with certain limitations. The Mase Limiting 


Mec -ct WAS the weather which must be included in «he analy- 
Sis. Cede iy, When high winds pass thzcugh a region after 


“he vertical temperature data is acquired, the upp2r thermal 


Seeeucture will be altered. Two regions of the thermal pro- 
Bebo) that will be affected are the depth of the mixed layer 


Mraeesccength of the thermecline. For short periods of abcut 


Oon2 week, Spc Der OCMa2m in the wetez column will 
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Meeeta=. ly retlect changes due to <he wind and frse ccnvec- 
eave ixing. Fer time scales cf greater than @2 week, an 


MmeesiOonai thermal intrusicn from the Subarctic or Subtropic 


rt 


ne 


- _ 


meg2cn may te .an additicnal . factor that could aicte 


ry 


*hermal structure. Such advective processes would be diifi- 
Meee tO Ecrecast by the statistical method in regions where 
large meanders and eddies cccur, but they shouid nct greatly 
affect a relatively quiescent area such 4S in the Tran- 
mec2cnal Zcne. 


An example cf another problem encountered oy this method 


Mame necMal structure prediction from the sea surface 
temperature is the process of heating at the ocean's sur- 
mee, Called the “afterncon effect." Fia, S32 stezatec 
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Mme Gir ference in Be led eae ant 


th 


he p 


Ih 
Ih 


observed "“af*errcon ee eace. Sees the Sea earn acS 


tp 


Memoeraturse determines the thermal orofile in this statristi- 
Memeemedel, an ¢z=ror is imposed in the subsurface structur:, 
mmcoughout ths entire deérth. With whe surface heating 
removed, th predicted profile weuld closely resemble <h3 
Seeerved rrofile. PicmniaccearOOn eshe ce." would greatly 


hinder the ability of remct2 sensing to datermine the sub- 


Meeiace ~hermal structure by this method. 
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The methed of determining mixed layer depth was reviewed 
+9 ansur2 that the best pessible value was computed and used 
meethke 2Mpeirical scheme. As discussed esarliezs, the MLD pro- 


maege= 4 base for the varlakles DT5, DT15, DT50, oDT100, ODT, 


meee DTBUZ and DZBUZ to define their vaeluss in the vredicted 


1 


wis. Phe Gener Variabies BOT, TBOT, BUZ and 


ct 
(D 
—| 
‘CO 
dh 
| 
9) 
ct 
& 
t 
a 
ITS 
rt 
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tt 


fie, besides contributing tc the construction of =he pro- 


Meme, provide a check +0 maintain continuity with <he MLD- 


(D 


determined variables. Mec ©ecnns2agus Nosed 2n 2his =nssis te 
Somputs MLD caused ne preblems in the détsrmination cf +hs 
Mmermal perofile; however ai comparison t2st of compu*in 


mixed layer déerth by the five differenz methods, d2fined 


Baelier in Chapter IV, waS conducted to ascertain which 
meéczhed is the mest accurate. 


All methods were provided with <=he same SST values trom 
Pmenec>i. ginal data of the rerth-scucth track and compared with 
“h2 eciual mixed layer depth. The computed depths were then 
Memrelacsed to dttermine the best t2chnigqus. Reculcs LO n 


she test indicated ali methceds were surprisingly equal. tThe 


mStned used was chosen because of the higher correlaticns 
between variables. However, the simplist method, which was 
Pmencoi-derived rixed layer depth, with a corrslacion coet- 


Meeten. Of 0.535, could have been used with equal success. 
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meee CONCLUSICNS 


The sea surface temperaturs reflects many of <=ne physi- 
cal precesses that govern the oceans Use of remote sensing 


Bompmap he surface thermal structure of the world's oceans 
accurately and rargidly presently exists, but ~he determina- 


Mem Or precise subsurface vertical temperature structure 
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cé Signatures i 
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from these su 


th 


maesel®cted ocean regions can insight be gainsd inte deter- 
Meeeend Gianticative relaticnshios for dizteccly inferring the 
Subsurface f<¢atures from the sea surface temoEeraturs. er, 


Memeetavs.y guiet Locations with uniformly changing proper- 


Memeerrac, Many S==cng correlaticns can bs cbssrved witain the 


Mae =£e2eSults cf the statiscicai analysis indicated thaz 
Mme Strongest relationshircs within the vertical temperature 
prefiis ceccurred with the thermally-d¢pendent variables 
Meso, DI, TEUZ, DE RDUZ a> fey Vaseed Watch SST. The 


dépch-related variables (MID, BOT, DZ, BUZ, DZBUZ) displayed 
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Meeker correlaticns with the surface temperature, hut trends 
Seiii could be okserved through the thermal structure. The 
use cf scatter diagrams tc assist in tha cortelation analiv- 
Sis cf variables was necessary to establish regional Lounda- 


Mees end the test fit romicS fOr” caer Geri Vastaon. 9OL 


a 


regression @yuations. 

Arn impertant regicn within the vertical temperature fpro- 
file is the <tnermocline. In practical terms, feo Geren, 
Strergz=h and gradient strergly influence the propagation of 
underwater sound. PHemoscateco1cn Of “his struemure by use 
of only séa surface temperature would grsactiy enhance ASW 


Gapability. NOwceiyewe wether the  NoOtinasast Pacitic, ths 


t+ 


Meerelation between SST and thermocline depth is net ver 
Mego, hewever, in the Transition Zone with uniformly cnarng- 
meg structure a reasonable predictability can be obtained. 


Memeethermociline variables (DT5, DT5, DT50, DT199) all pro- 


Vided trends fren which SSTI-related values wers computed te 


@erene the tnermal structure. Overali, the most oreciseily 
predicted regicn of the temperature orofile was the «herno- 


The depth may have varied du2 to internal waves, bux 
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eqaztivse temperature gradient was accurate and realistic 


when compared <o *h2 cbhsarved structure. 






B. RECOMMENCDATICNS 
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iM fueur eacch cf this method, an expanded set cf 


ih 


Saver Onmrpasal le] Of DasSecting =racKs 


it 
Fj 
OQ, 


vertical tempera 2 
meowid be esz~aktlished as the data base for statistical aznal- 


jeeoe The additicn cf an east-west track of data would pro- 


d a2mene 


iD 


Meee lia~itudiral =zrends which could aisoc be us 


Beedicted temperature profiles. As in any data aquisiticn, 
MecOnSssaderaticn as to th minimum amount cf data peints so 


de=ermine the «thermal structure statistically should be 
made. Meanwhile, a number of no less than 20 profiles cver 


a distance of 1000 km with spacing betwee 
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merce ca 50 kw if recommended. 


C=n2r suqgestions for model improvement include adding 


dynamicai and thermodynamical vatiables such as wind ssead, 
Meese. On and duration, air temperature, zadiation flux, and 


Boe eownenmecOuld .al==r the ocean cher- 


th 


Meyer atncecohseric ¢ 


ry 


ct 


rh 
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Gewe Structure. Mo these factors can be determined by 


remote sensing; data from other satellite sensors, such as 
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Memeeseec Mater, SAR and Coastal Zon2 Colozt Scanner which car 
measure sta surféce signatures, should also be included. 


Me ade tecmine the limitation of accuracy for th 
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Mmeaaly-determined profile method, more stringent tests 
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sheuld be conducted which increase the spatial and timz2 fac- 
tors. imcertaumeoCsan Ieqiens One could vossibly maintain 


reascnableée acctracies within hundreds of kilometers and sev- 
etal weeks duration from the acquisition of thermal data. 


Differen= ccean lccations should be analyzed and tested to 
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determine the pessible regions where the thermal 
vary in an crdéerly fashicn which can b6@ easily wacdeled. 


Acrsas where mescscale features, such eas sidies and fronts, 
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mee constantly altering the water column by advective pro- 
Gesses would be poor candidates for this method. 

mHOtne: x ceECcermendation is t¢ t2st in other ssasons of 
mee, year tc determine if tne statisticai approach would 
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Sueeeres Valiaticn in magnitude, depth and location, affects 


greatly the prepagation of sound by ferming a sound cnannel 
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mime daately belew the thermeclins. If this structure can ba 
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Figure A.i. SST Versus Latitude/Distance. 
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Merc A.2. MLE Versus Latitude/Distancse. 
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Figure A.3. OT5 Versus LatitudesDistance. 
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meomgre A.4. £FT15 Varsus LatitudesDistance. 
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meomce A.5. %&fT50 Versus LatizudeyDistance. 
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Pigure A.6. [1100 Versus Latitude/Distance. 
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Meoure A.7?. EOT Versus Latitude/Distance. 
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Figure A.8. MTECT Versus Latitude2/Diszance. 
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Meewre AS. FT Versus LatitudeyDistarce. 
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Mmeagure A.10. DZ Versus Laticude/Distance. 
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Meegure A.11. BUZ Versus LatitudesDistainca. 


128 






DISTANCE (KM) 
9 100 200 «= 300si—i— (ss 0—s—s 700——C«8G— (ss 00-'—=<=s«étT0000'—S—C—=«*'TC'TD 


6 ? 10 Nn 12 


7 


TEMP AT BOTTOM OF MAIN THERMOCLUNE (M) 





a ° s 
48 47 46: 48 44 42 a2 41 40 39 38 
NORTH LATITUDE (DEG) 
meegmr> xALI2. TEUZ Versus LatitudesDis tance. 


to 





DISTANCE (K/A) 
9 100 200 100 400 500 400 700 600 90 = 1000 =~ 1100 


13 


Uy 


9 






TEMP DIFFERENCE IN MAIN THERMOCLINE (C) 


7 


48 4? 46 4s 44 4a 
NORTH LATITUDE (DEG) 


4 40 39 a8 


Secours A.13. OTBUZ Versus LatitudeysDistance. 


P30 





DISTANCE (KM) 
9 100 200 300 400 500 600 700 800 900 1000 1100 


170 


130 


130 


no 





DEPTH DIFFERENCE OF MAIN THERMOCUNE CA) 


7Q 


40 4? 4b 45 


a 42 42 4) 46 39 33 
NORTH LATITUDE (DEG) 
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REPENDIX B 


BICMEDICAL COMEUTER PROGRAMS (DIXON AND BROWN, 
1979) 


The BICMED 
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9c 1 uzed 


tatastical computer programs wer 


WD 
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because of the simple and flexible progranaing i 


ct 


provided 
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